One hundred fifty liver resections were performed with an operative mortality rate of 4%. Indications for liver resections were 43 primary liver malignancies, 43 metastatic liver tumors, and 64 benign liver diseases. The 3-year actuarial survival rate after treatment of primary liver malignancy was 56%, and that after treatment of metastatic liver tumors was 66%. All but one of 59 patients with benign disease who survived operation were alive without development of late symptoms or complications.
The patients ranged in age from 11 months to 77 years. Fourteen of the 150 patients were infants or children ranging in age from 1 1 months to 16 years. Twelve of the 14 had malignant diseases. Sex distribution in patients with malignant diseases was equal, both with primary and metastatic neoplasms. For adenomas and focal nodular hyperplasias, female predominance was observed.
The number ofliver resections has increased sharply through the years (Table 1) . During the -last 12 months, 42 liver resections were performed at the University Health Center of Pittsburgh. Indications for liver resections are listed in Table 2 . Eighty-six patients had malignant diseases of which 43 were primary to the liver. The liver tumors in the 43 patients with resectable metastatic neoplasms were of various origins ( Table 2 ). The 64 patients with benign liver diseases underwent liver resections for therapeutic purposes or because malignancy was suspected.
The patients with benign disease often had acute and life-threatening complications, including the three with hepatic trauma. Three patients with cavernous hemangioma had spontaneous hemorrhage, and two more had emergency resection for bleeding after unwise needle biopsies. Five of the patients with adenomas had resections after the tumors had ruptured. Four patients classified in the benign group had multiple adenomatosis in all segments of the liver with massive hepatomegaly; complications, singly or in combination, included pain, disabling pressure symptoms, or hemorrhage. One year after resection one of these four patients required liver 
Operative Procedures
The principles of anatomic liver resection have been described previously with emphasis on right trisegmentectomyl.2 and left trisegmentectomy.5 In most cases, a bilateral subcostal incision was used with an upper midline extension through which the xiphoid process was exercised. A thoracic extension was not made unless the need for additional exposure became evident after the lesion was assessed. Nonanatomical resections of the liver were classified as local excisions, even though some of these were extremely complex procedures. Diagnostic or therapeutic wedge resections were not considered hepatic resections.
Complete hemostasis was considered the most important factor in preventing postoperative complications. Bile leakage was carefully searched for. Intraoperative cholangiography was often used to identify the source of bile leak and duct kinking. A T-tube or Utube was used to stent the repair of the bile ducts when these required major reconstruction. The surgical area drained with multiple Penrose drains or with closed suction drainage catheters.
The anatomic resections used (Table 3) were right lobectomy, left lobectomy, left lateral segmentectomy, right trisegmentectomy, and left trisegmentectomy. The right trisegmentectomy involved removal of the true right lobe and the median segment of the left lobe. 1 • 2 Left trisegmentectomy meant removal of the true left lobe plus the anterior segment of the right lobe. 5 The fact that 68 of the 150 resections were right or left trisegmentectomies reflected the highly screened nature of the case material. Many of the patients were referred by surgeons who had determined at a preliminary operation that an unusually extensive procedure would be necessary.
Six of the right hepatic trisegmentectomies for metastases and one right lobectomy were performed at the same time as resection of the primary tumor. In six of the seven patients, the primary neoplasm was in the right adrenal gland (four examples) or right kidney (two examples), necessitating adrenalectomy in continuity in all six and right nephrectomy in four. The seventh patient had a discontinuous right colectomy for adenocarcinoma of the cecum.
Each variety of the anatomical resections was used for at least one patient with benign disease. There were 18 examples of right lobectomy for benign disease. Right trisegmentectomy was used 14 times to remove a nonmalignant lesion (Table 3) .
Adjuvant Therapy
When used, adjuvant therapy was begun after recovery from the surgical procedure seemed assured, one to several weeks after operation. Twenty-eight of the 43 .;:
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.~ as any death during the initial hospitalization for liver .... the raw liver surface was controlled, but the patient whose resection was for a giant hyperplastic nodule died subsequently of hepatic insufficiency. Twelve patients had abscesses form in the right subphrenic space. In six instances the pus collections were drained by reopening anterior drain tracts that had closed prematurely at or near the body wall. Six abscesses were drained posteriorly by removing the right twelfth rib. In six other patients, posterior drainage procedures were carried out in the early postoperative period because of difficulty in effectively irrigating deeply placed cavities from the anterior approach. The complications occurred almost uniformly after right trisegmentectomy.
Major bile leaks occurred after two right and two left trisegmentectomies. In each instance a portion of the bile duct to the residual segment had been involved with tumor and had been resected. The bile ducts had been reconstructed over a T-tube or V-tube stents. In each instance, the bile leaks ceased spontaneously without further operative intervention. Minor bile leaks through the drain site were seen commonly, but these all closed spontaneously within a few days. One patient each had bile duct obstruction several months after right trisegmentectomy and left lobectomy. The etiology was recurrent tumor. In the patients with left lobectomy, the obstruction was distal and was relieved by anastomosing the uninvolved proximal common duct to a Roux-en-Y jejunal loop.
Two patients had major gastrointestinal hemorrhage after right trisegmentectomy, and both died ( Another patient developed small bowel obstruction two weeks after right hepatic lobectomy. The problem was rectified by lysis of the responsible adhesions.
Long-term Follow-up
The 62 patients with benign disease who survived operation were alive in May 1982. With one exception none had developed late complications. The exceptional patient was the one who developed hepatic adenomatosis in the residual lateral segment after right trisegmentectomy. She was treated with orthotopic liver transplantation after which she promptly recovered.
The actuarial survival of patients with hepatic malignancies is shown graphically in Figures 1 and 2 . Standard errors became greater than 10% after three years. The 3-year actuarial survival in patients with primary hepatic malignancy was 56% and with metastatic liver neoplasms, the survival was 66%. The survival up to five years was not statistically significant between those with primary and metastatic liver neoplasms, nor were there significant differences in the subgroups of either of these two major categories. Actuarial survival five years after liver resection for primary hepatic tumors was 46% and for metastatic neoplasms, it was 57%.
Discussion
The low mortality and morbidity after liver resection in these 150 cases have made the authors willing to attempt such operations in increasing numbers of patients Vol. 197· ~o. 3 150 LIVER RESECTIONS 251 with benign and malignant hepatic lesions. The death rate of 4% within the first 30 days or at any time during the hospitalization has compared favorably with that in other large series listed in Table 5 . 7 -24 Most of the deaths in this series were of patients with pre-existing cirrhosis and/or a history of chronic alcoholism, and in all but one case hepatic insufficiency was responsible for the fatal evolution. Because the surgical principles of hepatic resection are so well standardized, 1.2.5 skillful anesthetic management has become the single most important factor in maintaining an acceptable operative mortality. Gifted anesthesiologists at two institutions have been able over a period of 17 years to cope with the acute blood loss and the intraoperative metabolic and cardiovascular instability that was often seen at the time of parenchymal transection.
In the long history of liver resection, two principal causes of peri operative death have been hemorrhage and infection. Postoperative hemorrhage requiring reoperation was reduced to 2% in this series. However, subphrenic or subhepatic abscesses required operative relief in 12 (8%) of the patients, of whom nine and three, respectively, had right trisegmentectomy and right lobectomy. This complication was not surprising in view of the large right subphrenic dead space created by major right hepatic resections. Previously, the authors recommended broad open drainage of this space at the time of resection usually by leaving open a part of the incision.' More recently, closed drainage techniques have been used. The incidence of the infections has been about the same with both methods. The recognition and localization of the abscesses has been greatly simplified by ultrasonography and computerized axial tomography. Secondary drainage by an anterior or posterior approach, or by both with a through and through communication was always successful.
The fact that all but one of the surviving patients with benign disease were cured of their problems was to be expected and was consonant with the numerous reports in the literature. However, the true value of major hepatic resection for primary or metastatic liver disease often has been questioned. Long-term survival data have been given in only a handful of reports ( Table 5) .
The best data have been for primary hepatic malignancies. In Foster's collection 296 patients with primary liver cancer from the pre-1970 literature, the 2-and 5-year determinant survival rates were 33.3% and 14% overall, but they were 59% and 36% for nonAsian, and 23% and 6% in Asian patients. 7 The results of liver resection for metastatic liver tumors also have been encouraging, particularly since such resections can be performed with minimum mortality. Foster reviewed more than 400 hospital records of patients with metastatic liver tumor from colorectal cancer and reported in 1978 two-and five-year determinant survival, respectively, of 44% and 22%, excluding the patients who died during the initial hospitalization. 8 Fortner et al. reported one-, two-, and three-year actuarial survival of 88%, 48%, and 48% excluding an operative mortality of 8%.20, 21 Wilson and Adson reported a five-year survival of 28% among 60 patients with liver metastasis from colorectal cancer, two thirds of whom were treated by wedge resection of the liver.23 Later, Adson and Van Heerden reported one-, two-, and threeyear actual survival, respectively, of 82%, 58%, and 44% among 34 patients who had major hepatic resections excluding operative deaths. 24 The authors have obtained one-, three-, and five-year actuarial survival, respectively, of 91.3%, 73%, and 52.1 % in patients with metastatic colorectal cancer without any operative mortality. Although these survival figures seem to be higher than those of others, there is no statistically significant difference between them at present. If the higher survival figures hold for several more years, this may, at least partly, reflect the policy of extensive liver resections as opposed to local excision for metastatic tumors.
After resection of both primary and metastatic neoplasms, the question of adjuvant therapy remains open. Even with the development of more effective chemotherapy, liver resection when possible for both primary and secondary malignant tumors should continue to be an important component of care.
